engineering laboratory

Photovoltaics: Safety &
Efficiency Codes, Standards and
Labelling, (Non)Regulation, and
Certification Efforts

Brian Dougherty

Energy and Environment Division
Engineerind.aboratory

National Institute of Standards and Technology

U.S. Department of Commerce
NIST

National Institute of
dard

tandards and T
U.S. Deportment of Comm



Outline

A Solar Photovoltaic (Industry) Highlights

A Questions for You i

A Solar PV Industry Priorities ,f’ ;’I%H \'{i |
| Safety first /J l}ﬁ f m |
i A hierarchy of standards and codes efforts / / { ; \\ \ \ l\
I Product Testing and Labelling i 1 \ \I\\ \;

A Government Regulations Besides Codes:
Financial Incentives

A Certification Efforts

&
e ngg Iin¥ese rMengs lfatoio ralt o ry &5



Solar PV Industry Highlights (1 of 3)

A Most solar modules are made using silicon crystalline cells

A The majority of solar cell/modules are manufactured in
China

A Over the last 10 years, many companies have entered and
left the solar module manufacturing market

A Manufacturers (typically) warranty their solar modules (10
I 30 yrs) and inverters (51 15 yrs)

A New and improved modules and inverters are continually
Introduced; usually a specific product model/line on market
for 2 to 4 years
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Solar PV Industry Highlights (2 of 3)

A The performance of solar photovoltalc modules are
affected by: T

I Solar irradiance level
I Angle of Incidence
I PV cell operating temperatures

I Solar spectrum

A Must minimize shading of the modules i a relatively small
amount of shading can have a huge impact on reducing
power production

A Sun-to-DC power conversion efficiencies for single-
junction solar modules as high as 20%; higher for multi-
junction, bi-facial, and concentrating

A NREL maintains world-record cell listing by type g
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Multijunction Cells (2-terminal, monolithic)
LM = lattice matched

MM = metamorphic

IMM = inverted, metamorphic

V' Three-junction (concentrator)

¥ Three-junction (non-concentrator)

A Two-junction (concentrator)

A Two-junction (non-concentrator)

B Four-junction or more (concentrator)

O Four-junction or more (non-concentrator)

Single-Junction GaAs
A Single crystal

A Concentrator

V' Thin-film crystal

Crystalline Si Cells

B Single crystal (concentrator)

B Single crystal (non-concentrator)
O Multicrystalline

@ Thick Si film

® Silicon heterostructures (HIT)
V' Thinfilm crystal
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Westing-
house
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Thin-Film Technologies

© CIGS (concentrator)

® CIGS

O CdTe

O Amorphous Si:H (stabilized)
€ Nano-, micro-, poly-Si

Emerging PV

O Dye-sensitized cells

O Perovskite cells

@ Organic cells (various types)
A Organic tandem cells

@ Inorganic cells (CZTSSe)
< Quantum dot cells
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Solar PV Industry Highlights (3 of 3)

A Many companies and on-line tools exist to help with:

I Evaluating the local solar resource )

I Modelling and designing a solar PV system

I Evaluating the feasibility of a solar PV system

i Providing 3" party testing of modules

I Conducting an on-site evaluation of an installed system

I Troubleshooting an installed system and helping with processing a
warranty claim

A In most countries (still), the continued growth in solar PV
Installation is fueled by favorable government-created
financial incentives
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